In the transport modelling community, there is a growing understanding that socio-economic attributes are not sufficient to characterise travellers and make forecasts about their travel behaviour. Therefore, an increasing number of studies has recently been published that integrates latent variables representing attitudes, perceptions and preferences into choice models. Since it is impossible to measure these latent variables directly, psychometric scales are used as indicators for the latent variables.
Introduction and related work
In the transport modelling community, there is a growing understanding that socio-economic attributes are not sufficient to characterise travellers and make forecasts about their travel behaviour. Attitudes and perceptions have a major influence on the travel behaviour and integrating them in models of transport behaviour can help to explain why two persons make completely different decisions when facing an objectively equal situation.
The traditional way of accounting for attitudes and perceptions in transport models is to measure them employing psychometric scales, reduce them with a factor analysis and use the factor score in a regression or discrete choice model. Typical applications of this approach are mode choice models where the effects of perceived modal reliability (Prashker, 1979) , expectations and social norms (Galdames et al., 2011) or lifestyles and environmentalism (Kitamura et al., 1997; Schwanen and Mokhtarian, 2005) are investigated. Especially the latter two aspects have received a lot of attention because they do not only influence mode choice but also residential location choice (Bagley and Mokhtarian, 1999) and understanding their influence on both choice situations will help to unravel the interactions between land-use and transport behaviour.
Recently, some methodological progress in the area of discrete choice modelling has led to a new and more sophisticated way of integrating attitudes and perceptions into choice models. Since attitudes and perceptions cannot be observed directly, they have to be modelled as latent variables for which the psychometric indicators serve as manifestations. Ben-Akiva et al. (2002) presented a behavioural framework and the associated mathematical formulations for modelling these latent variables. Their framework consists of two components. The measurement model describes the relationship between the indicators and the psychological factors whereas the structural model explains the psychological factors with the help of person characteristics and, thus, allows the analyst to distinguish between the influence of person characteristics on the latent variable and their effects on other aspects of the decision. Walker and Ben-Akiva (2002) extended this framework by not only including latent variables in the utility of alternatives but use them to create latent classes. For each latent class, separate utility functions or even choice sets (Ben-Akiva and Boccara, 1995) can be specified. For this, a latent class model comprises two components: a class membership model and class-specific choice models. Analogous to the latent variable model, the class membership model of a latent class model contains a structural model and a measurement model.
Due to the theoretical and practical advantages of these two modelling frameworks, several applications of latent variable and latent class models have been published in the last years. Regarding latent variable models, a major focus has been on mode choice and latent variables for environmentalism (Atasoy et al., 2010; Johansson et al., 2006) and habits . Other areas of interest have been the influence of the willingness to take risks (Tsirimpa 2 Investigating the influence of the environmentalism and variety seeking on mode choice July 2011 et al., 2010) or the tendency to be a car-lover (Abou-Zeid et al., 2011) on car route choice or the relationship between the propensity to travel, the residential neighbourhood and the type of tours made by a person (La Paix et al., 2011) . In a different direction aims the recently published study by Hess and Stathopoulos (2011) who try to explore how the engagement of a survey participant in the survey influences their behaviour in a stated preference mode choice experiment by modelling the engagement as a latent variable.
The research topics addressed with latent class models are similar to the ones discussed above. Atasoy et al. (2011) and Vij et al. (2011) , for example, estimated latent class models for mode choice. Atasoy et al. (2011) created their classes based on the respondents' socio-economic characteristics, their lifestyle and their perception of the convenience of the modes expressed in attitude statements whereas Vij et al. (2011) classified their respondents with regard to their modality styles which the researchers derived from the mode patterns of the respondents in a six-week diary. Also not based on psychometric indicators but on socio-economic characteristics were the latent lifestyle classes used by Walker and Li (2007) to better understand residential location choice. This paper continues the line of research on latent variable mode choice models, but adds a new aspect to it. Besides the influence of environmentalism, the effect of variety seeking on mode choice is investigated. While several studies have already shown that a positive attitude towards protecting the environment leads to a higher probability of choosing public transport, the influence of variety seeking is less clear. On the one hand, car is the more flexible mode, on the other hand one's experiences can vary much more if one uses public transport and for persons searching for more variety in their life, optimising travel times might not always be the highest priority. The goal of this paper is to determine which effects is stronger in a mode choice context. To achieve this, psychometric scales for environmentalism and variety seeking have been developed and tested in a small paper and pen mail back survey that also included a one-day diary and a questionnaire about socio-economic characteristics. This paper reports on the results of this survey and the interesting findings resulting from the latent variable models that incorporate latent variables for awareness of environmental problems, denial of environmental issues and desire for variety in the daily routine.
The remainder of this paper is structured as follows. First, the survey design and the characteristics of the respondents are introduced. Second, a descriptive analysis of the reported diaries is given. Third, the most suitable factors are established by means of a factor analysis and first insights into the relationship between these factors and the socio-economic characteristics of the respondents are gained by analysing the socio-economic profiles of each factor. Fourth, the modelling approach and the results of the latent variable mode choice models are presented before the paper ends with conclusions and an outlook on further work.
Survey design and response
The data used in this study originates from a paper and pen mail back survey that is described in more detail in Schüssler and Axhausen (2011) . The survey consists of three components:
• a questionnaire asking for person and household characteristics, • a one-day trip diary, and • three psychometric scales covering the topics risk propensity, variety seeking and environmentalism.
The person-and household questionnaire and the trip diary were slightly adapted versions of the ones used by Weis et al. (2010) . The person-and household questionnaire asked for a large variety of socio-economic variables whereas the trip diary included, beside the standards set of trip and activity characteristics, questions concerning the number of accompanying persons and the planning horizon of the trip. The major part of the survey, however, were the three psychometric scales. They were designed following an extensive literature review that is briefly summarised in the next paragraphs. Since the scale for risk propensity is not used in the model estimation it is left out of the following discussion and the reader is referred to Schüssler and Axhausen (2011).
Measuring environmentalism
Due to the increasing awareness of environmental issues, a lot of work regarding the measurement of environmentalism has been published in recent years. One of the earliest and most well-known studies is the land-use and transport behaviour study by Kitamura et al. (1997) who measured environmentalism using a 10 item 5-point response scale. Subsequently, Schultz (2001) argued that environmental concern has to be differentiated between concern for oneself, other people and the biosphere because different values and awaremesses of harmful consequences are attached to them. Gatersleben et al. (2002) investigated the relationship between environmental attitudes and believes, socio-economics, social science indicators of pro-environmental behaviour and measurements of direct and indirect energy consumption. They found that self-reported pro-environmental behaviour is indeed related to environmental attitudes but only marginally to household energy consumption which is more strongly linked to household size and income and concluded that environmental attitudes are especially relevant when behavioural changes do not cost too much effort or change in comfort but that as soon as people have the financial ability they are tempted to consume more energy. Following the theory of planned behaviour (Ajzen, 1991) , Anable (2005) developed a 105 item 5-point response scale questionnaire to examine the influence of habits, moral norms, environmental attitudes, felt efficacy and perception of other persons' behaviour on mode choice and showed that the mode Investigating the influence of the environmentalism and variety seeking on mode choice July 2011 choice behaviour of different attitudinal population segments is indeed very different.
After reviewing, amongst others, the scales of these authors, the scales used by Gatersleben et al. (2002) and Kitamura et al. (1997) were judged to be most appropriate for the study at hand. To use the advantages of both scales, they were combined into a 25 item 5-point response scale for environmentalism taking into account general concern for the environment, awareness of consequences for oneself, others and the biosphere and the evaluation of measures for environmental protection.
Measuring variety seeking
Compared to the variety of studies employing measures for environmentalism relatively little research has been so far directed towards the quantification of variety seeking and its incorporation in models for daily transport behaviour. The few studies aiming in this direction investigate the phenomenon of travel for its own sake, i.e. undirected travel or travel with unnecessary detours (e.g. Mokhtarian and Salomon, 2001) . A wider recognition of the influence of variety seeking on travel behaviour can be found in the tourism literature. Examples are the studies by Bello and Etzel (1985) and Niininen et al. (2004) who investigated the role of variety seeking and consumer loyalty in holiday destination choice. Bello and Etzel (1985) derived their own 50 item 5-point response scale and asked respondents to evaluate their most recent trip for more than 2 nights with respect to -amongst others -novelty of the experience. They concluded that novelty seekers felt the trip to be more deserved, gave more importance to the pleasure aspect of the holiday, spent more time and money on it. Niininen et al. (2004) , who used the Arousal Seeking Tendency scale by Mehrabian and Russell (1973) , found that there is a link between the need for variety and the patterns of holdiday destination choice but that this link is only modest.
Since none of the scales reported in the literature was completely satisfactory and the Arousal Seeking Tendency scale not available for our mail back survey, we constructed our own scale including some of the questions reported by Niininen et al. (2004) and Mokhtarian and Salomon (2001) . The variety seeking scale contains 28 questions measuring the wish for variety in the daily routine in general and in shopping, eating, recreational activities and transport behaviour.
Survey execution and respondent characteristics
In total, 2000 questionnaires were sent out to respondents living in Canton Zurich in 2 waves during summer and fall 2010. After the first wave, a problem with the age distribution of the addresses bought from an address vender was discovered. About 45% of the respondents were 65 years or older. Thus, the second wave was restricted to persons younger than 65 years of age. For the diary, the respondents were assigned a survey day that was a Tuesday, Wednesday or 5 Investigating the influence of the environmentalism and variety seeking on mode choice
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Thursday to capture only ordinary weekdays. The response rates were relatively low with 274 returned questionnaires, of which 222 were usable for later analysis.
To evaluate the representativeness of the study, the household and person characteristics of the respondents were compared to the weighted persons and households in the Microcensus 2005 -the Swiss national travel survey -living in the study area. The comparison is presented in Table 1 .
As expected, there is an underrepresentation of young respondents and small households and an overrepresentation of persons with high education, high income, a part or full-time employment and households with four or more members. Moreover, there is a considerably higher share of driving license and public transport subscription holders and a lower share of persons that have always a car available, implying that our sample is probably more mobile and more public transport oriented than the average population of Canton Zurich. Investigating the influence of the environmentalism and variety seeking on mode choice July 2011
Diary analysis
As a short overview over the trips reported in the one-day paper diary, Figure 1 presents the distributions of the number of reported trips, modes, trip purposes and planning horizons. The distribution of the number of trips shows the expected peaks at two and four trips but also that a substantial share of respondents did not perform any trips on the survey date. The main reasons for this, especially in the first wave of the survey, was that vacation time had just started and persons that were not travelling abroad stayed at home or in their gardens. Other frequent reasons were housework and sickness. However, there were also several persons who performed five and more trips, so that the average trip rate of 3.29 was only slightly lower than the 3.65 trips per day reported in the year-long Microcensus.
Compared to the mode shares reported in the Microcensus (28% walk, 9% bike, 50% car, 12% PT), car and public transport trips are over-represented in our diaries while walk trips are under-represented. This might be due to the fact that our survey was a mail back only survey whereas the Microcensus is a CATI survey in which an interviewer help the respondent to recall also the short walk trips that are often forgotten. However, since we are currently only interested in the choice between car and public transport, the under-representation of walk trips is not a big concern in this study.
The trip purpose in our study was determined by the activity at the destination of the trip. The fact, that less than 50% of the trip purposes are returning home indicates that there is a certain amount of trip chaining happening in the diaries. As expected, the predominant trip purposes, apart from returning home, are work and leisure, though in our study there are more work than leisure trips while it is reverse in the Microcensus.
A variable not reported in the Microcensus is the planning horizon for a trip. The respondents could choose between four categories: "Routine trip", "One to several days in advance", "During the day" and "Spontaneously". While most of the reported trips were routine trips and another 30% were planned at least one day in advance, there is still a 20% share of trips that is planned during the day or spontaneously.
One reason for the high share of routine trips is the high share of work and returning home trips. 87% of all routine trips are trips with these trip purposes whereas most of the leisure trips where planned one to several days in advance (46%) or spontaneously (32%). Different planning patterns are also reported for the two different types of shopping: shopping for everyday supplies and shopping for long-term goods. While shopping for everyday supplies is mainly planned spontaneously (37%) or during the day (32%), the main share of planning long-term goods shopping trips takes place one to several days in advance (58%).
Regarding the mode shares for different planning horizons, the mode shares for routine trips 8
Investigating the influence of the environmentalism and variety seeking on mode choice show a slight shift from car to public transport. Spontaneous trips are done by car, bike or walk but hardly ever by public transport, while car and public transport dominate trips that are planned one to several days in advance. This short analysis indicates, that there is a strong relationship between mode and planning horizon that should be accounted for in a mode choice model.
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Psychometric scales
The first step in the analysis of the psychometric scales is an exploratory factor analysis conducted with SPSS with the aim to reduce the scale items to meaningful attitudinal factors. The best results were achieved using a principal component analysis and a Varimax rotation with three factors for each scale.
The results of the factor analyses are shown in Tables 2 and 3. The questions are translated from German and sometimes shortened due to space restrictions. Moreover, only factor loadings equal to or higher than 0.4 and only questions with a minimum factor loading of 0.4 for at least one factor are shown. The full set of questions and their complete formulations can be found in Schüssler and Axhausen (2011) .
The three main factors for environmentalism explain about 43% of the variance in the data. The first factor describes the respondents awareness of the negative consequences of environmental pollution and our responsibility to restrict behaviour that is harmful to the environment. It is called awareness of environmental consequences (envAware) in the remainder of this paper. The second factor for environmentalism is called denial of environmental problems (envDeny) and characterises the attitude that environmental problems are exaggerated and too much attention is paid to them. The third factor summarises the attitude towards measures for environmental protection.
For variety seeking, only 33% of the variance are explained by the three main factors found in the factor analysis, but in their interpretation they are more diverse than the factors for environmentalism. The first factor describes a desire for making new experiences by trying new food, visiting new places and getting in contact with cultures different from those of the respondents. The second factor characterises a completely different type of variety seeking. Persons who score high on this factor search for (small) variations from their daily routine. Therefore, this factor is called interest in varying one's daily routine (routine). Finally, the third factor captures a liking for surprises and unexpected changes.
Of these six factors envAware, envDeny and routine best describe latent variables that have a significant influence on the respondents' mode choice, as discussed in the next section. The items with factor loadings in bold are the ones found most suitable to measure the underlying latent variables based on the interpretation of the items, the correlation between them and the resulting model fits.
Socio-economic profiles of the latent variables
In order to understand the relationship between the latent variables and the socio-economic characteristics of the respondents, the next step is to establish socio-economic profiles for each latent variable. Some of the results are presented in Figures 2, 3 and 4 . In each figure, a comparison is made between the distribution of the factor scores for different population segments. The most meaningful segmentation criteria were gender, level of education, number of cars in the household and bike ownership.
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Investigating the influence of the environmentalism and variety seeking on mode choice July 2011 For the latent variable envAware, the most distinct relationship between between factor score distribution and socio-economic variables can be seen for the number of cars in the household and bike ownership. The higher the number of cars in the household the lower the factor score for envAware tends to be, whereas the availability of at least one bike in the household leads by trend to a higher factor score. This is inline with the expectation that environmentally aware households use more environmentally friendly modes and are correspondingly equipped with mobility tools. In contrast to that, the influence of gender and education on the factor scores for envAware seem to be negligible or mixed.
On the latent variable envDeny, however, education has a substantial influence, as can be seen in Figure 3 . High factor scores for this variable are only achieved by less educated respondents. The influence of the gender on the factor score for envDeny is ambiguous because the median is slightly lower for females but the distribution is also wider than that for males. Regarding the ownership of cars and bikes, similar trends as for the envAware variable can be found. A high 14
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The socio-economic profile for the variable routine shown in Figure 4 paints a slightly different picture. While education seems to have no distinct influence, persons that tend to have more interest in a change of the daily routine are female, own a bike and/or have no car or only one car in the household. Particularly the last finding is interesting because the analysis of the relationship between chosen mode and planning horizon had suggested that with shorter planning horizons car usage increases. This indicates that the desire for changes in the daily routine and the planning horizon of a particular trip are different phenomena that should not be confounded.
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Model estimation
The final step for investigating the influence of environmentalism and variety seeking on mode choice is the estimation of latent variable mode choice models. Since the focus is on the choice between car and public transport, only trips made by one of these modes with a car network distance of more than 1 km and different origins and destinations were considered. This resulted in 423 valid observations for the model estimation.
The choice set generation, that is described in more detail in Schüssler and Axhausen (2011) , entailed three steps. First, the reported origin and destination addresses were geocoded. Second, the car alternatives were generated by calculating least cost paths routes in a loaded dynamic travel time network using MATSim and the Switzerland model documented in Balmer et al. (2010) . Third, the public transport alternatives were derived using a web-robot on the Swiss Federal railways webpage and a selection procedure that accounted for access and egress times, the difference between reported and found departure and arrival times, travel times and number of transfers.
Model specification
The model estimation was done in two steps. First, several standard MNL models were estimated. Second, the best model was extend to latent variable models with psychometric scale items serving as indicators for the latent variables and a simultaneous estimation of the latent variable and the choice model component. In the MNL models, the utility of each alternative i is a function of the observable characteristics X in of the alternative, the choice situation and decision-maker n, a set of parameters β to be estimated and ε in , a Gumbel distributed error term:
The choice probability for each alternative is defined as:
where θ varepsilon is the standard deviation of the error term and C n is the choice set available to person n.
In the latent variable models, the utility function of each alternative is extended by unobservable
or latent explanatory variables X * in :
Since X * n are not observable, they have to be modelled and this is done using two models: A structural model and a measurement model. The structural model explains X * n -here the attitude Att n of person n -as a function of socio-economic or other characteristics X n of person n, a set of parameters λ to be estimated and an error term ω n with standard deviation θ ω :
The measurement model defines the relationship between indicator I j -here measured by psychometric scale item j -and the latent variable taking into account a set of parameters α to be estimated and an error term υ n with standard deviation θ υ :
The base model
For establishing the MNL base model a range of level of service (LOS) attributes of the alternatives and socio-economic characteristics of the respondents were tested. Surprisingly, for none of the socio-economic attributes such as age, gender, public transport season card or car availability were found to be significant and large. Thus, the model contains only LOS attributes and a variable for the planning horizon planHor to reflect the strong relationship between planning horizon and mode found in the diary analysis. The planning horizon variable is coded as an ordinal variable with increasing values for shorter planning horizons. The LOS attributes are travel time by car tt Car , access and egress travel time to and from public transport stops acctt P T , travel time in the public transport system including waiting time systtt P T and the number of transfers transf P T . Moreover, the model includes an alternative specific constant for car travel ASC Car . Equations 6 and 7 summarise the systematic parts of the utilities for the car and public transport alternatives respectively.
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The latent variable models
Three different latent models are presented here, each integrating one of the three latent variables envAware, envDeny and routine established in the last section. Models including two latent variables were also tested but did not converge, probably due to the small number of available observations and the large number of parameters to be estimated.
Since the measurement model describes the relationship between the latent variable and the psychometric indicators, it comprises one equation for each indicator of the following form:
where Att is the latent attitude, a j and α j are parameters to be estimated and υ j is an error term with standard deviation θ υ j . Note that in each model a j is fixed to 0 and α j is fixed to 1 for one of the indicators for normalisation purposes.
As already indicated by the socio-economic profiles of the latent variables in the last section, each of the variables relates to different socio-economic attributes. Therefore, the structural models for the latent variables differ somewhat. For the variable envAware the following structural equation is used:
where envAware is the estimated mean value for envAware, ownsBike is a dummy variable that is true if there is at least one bike in the participant's household, and nof Cars is the number of cars owned by the household.
For the latent variable envDeny, the number of cars and a dummy for low education lowEdu yielded the best model fit. Thus, the structural equation for this latent variable is:
Finally, since the latent variable routine is strongly influenced by the number of cars and the gender, the structural equation for this model takes the form of:
where f emale is a dummy that is true if the person is female.
In the choice modelling component of the latent variable model, the latent variable for environmental awareness is added to the utility function of the public transport alternative and the others are added to the utility function of the car alternative following the assumption that environmental awareness will increase the probability of choosing public transport while the others increase the probability of choosing car.
Modelling results
All models were estimated using the extended version of Biogeme (Bierlaire, 2003) that is to some extent described in Bierlaire and Fetiarson (2009) . The results of the four best performing models are presented in Table 4 .
The parameters for the LOS attributes in the MNL model have the expected signs, even though the parameter for travel time in the public transport system is not significant at the 90% level. However, no other formulation of public transport travel time performed better. Also not significant at the 90% level is the alternative specific constant for car that is only small and negative here. The parameter for the planning horizon is positive, affirming the hypothesis that a shorter planning horizon increases the probability of choosing car formulated in the diary analysis.
In the latent variable model for environmental awareness, the parameter for the latent variable has the expected sign, indicating that persons with a higher environmental awareness are more likely to choose public transport. The ownership of a bike has a positive influence on environmental awareness while an increasing number of cars in a household is linked to a lower environmental awareness. The LOS attribute parameters maintain their orders of magnitude and relative order. However, there is a slight shift towards a stronger influence of the number of transfers on the mode decision and the alternative specific constant for car is now significant and positive.
As anticipated, the influences related to the latent variable denial of environmental issues are mostly opposite to those regarding environmental awareness. A higher degree of environmental denial leads to an increasing probability of choosing car and a high number of cars in the household and a low level of education are linked to higher degrees of denial. On the parameters 20
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The interpretation of the latent variable for the liking of variety in the daily routine is a little bit more complex because the statements linked to this variable are formulated in two different directions. While a high score on indicators V24 and V25 reflects a desire for variety in the daily routine, the indicators V4, V5 and V27 point towards a preference for repetitive daily schedules. Since the α-parameter for statement V4 was normalised to 1, the positive parameter for the latent variable actually means, that not the desire for variety but the preference for a repetitive schedule increases the probability of choosing car. At the same time, the parameter for the planning horizon remains significant and positive indicating that the planning horizon of a specific trip and the general disposition for variety seeking are different phenomena that should be modelled separately.
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Conclusion and Outlook
The aim of this paper is to investigate the effects of travellers' attitudes towards the environment and variety seeking on mode choice. Therefore, the attitudes are measured using psychometric scales and incorporated in simultaneously estimated latent variable mode choice models. For three latent variables -awareness of environmental problems, denial of environmental issues and desire for variety in the daily routine -a significant influence on the mode choice is found. The effect of the environmental attitudes follows the expected patterns: High awareness for environmental problems increases the choice probability for public transport whereas a high degree of denial of environmental issues leads to a higher likelihood of choosing car.
New are the findings regarding the attitude towards variety seeking, an aspect of travel behaviour that has so far been largely neglected. The results of this study indicate that car is preferred by persons with a high preference for repetitive daily schedules while variety seekers are more likely to choose public transport. Particularly interesting is also the interaction with the planning horizon, because shorter planning horizons are related to lower probabilities for public transport leading to the conclusion that the planning horizon of a trip and the desire for variety in the daily schedule are different phenomena that should be modelled separately even though they appear to be linked at first sight.
In future work, a more in-depth analysis of this relationship should be conducted. This will, however, require a richer data set with more observations and additional attributes. A survey for such a data set is currently ongoing at the IVT. The measurement of the attitudes towards the environment, variety seeking and risk is combined with a person-based one-week GPS diary. Due to its richness and the higher sample sizes, this data set will not only allow estimating combinations of different latent variables but also give the opportunity to compare the desire for variety seeking with actual variation in daily patterns. Moreover, the latent variables will not only be used in mode but also in public transport connection choice models and in models for the number of trips per day.
